Aim Local excision is recommended for early rectal cancer (pT1). Complementary total mesorectal excision (cTME) is warranted when bad pathological features are present. The impact of a prior local resection on the outcome remains unclear. The aim of this study was to assess if prior local excision increases the morbidity of a subsequent cTME compared with primary TME.
Introduction
Radical resection with total mesorectal excision (TME) is the gold standard for rectal cancer treatment; however, it is associated with significant morbidity and mortality. Alternatives to TME, with an emphasis on organ preservation, have emerged including local excision for low-grade T1 rectal cancers without perineural or lymphovascular invasion [1, 2] . However, local excision in early stage cancer is associated with higher proportions of patients having local recurrence [3] [4] [5] . Salvage surgery does appear to lead to prolonged survival in the case of distant recurrence although this is not the case for locoregional recurrence [6] .
Currently complementary TME following local excision is warranted within 30 days if specific pathological variables are absent [complete monobloc excision, a free resection margin, well differentiated or moderate differentiation, no lymphatic, venous or perineural invasion, no budding phenomenon and no deep invasion beyond the upper third of the submucosa (pT1sm1)] [7] [8] [9] [10] .
While oncological outcomes of radical resection after local excision have been well studied, the impact of local excision prior to TME on the perioperative and postoperative morbidity remains unclear. Studies have suggested that full-thickness transanal excision (TAE) does increase both overall and surgical morbidity, with more extensive salvage surgeries (abdominoperineal resections) being required [11] [12] [13] .
The aim of this retrospective study was to assess the impact of performing a TME after local excision for early rectal cancer.
Method Study population
From January 2001 to May 2016, all patients who underwent TAE for middle or lower third rectal cancer were identified from a prospectively maintained singlecentre, institutional review board approved, database. Patients who underwent complementary TME, 1 month following local excision for a more invasive adenocarcinoma, were analysed in the present study.
Following multidisciplinary team review, patients were treated with complementary TME when the following adverse pathological features were present: depth of invasion > T1sm1, lymphovascular or perineural invasion, budding phenomenon or incomplete resection.
Data collection included patient features [gender, age, body mass index (BMI), American Society of Anesthesiologists (ASA) score, medical history, tumour location and preoperative staging], intra-operative features of the TME, pathological features of the two specimens, postoperative outcomes, postoperative treatment (adjuvant radio/chemotherapy) and cancer recurrence.
For the case-matched study, each patient in the TAE group was matched with one patient undergoing primary TME during the same time period (TME group). The matching factors included age, sex, BMI, ASA score, type of surgical procedure (anterior resection, abdominoperineal resection) and surgical approach (laparoscopy vs laparotomy). Patients undergoing neoadjuvant radiotherapy were excluded from matching.
Surgical procedure
Preoperative bowel preparation was given to patients (orally). Local excision was performed under general anaesthesia, in the Trendelenburg lithotomy position. Two methods were used, TAE and transanal endoscopic microsurgery (TEM). The choice of local excision procedure was dependent on the location of the tumour in the rectum.
For lower tumours, exposure required long retractors and a LoneStar retractor, Cooper Surgicalâ, Trumbull, CT, USA. For tumours located in the mid rectum, TEM was performed with a rectoscope, comprising four ports for instrumentation.
In both methods, the tumour was excised from the rectal wall by electrocautery or ultrasonic dissection scissors taking a 0.5-1 cm margin [10] . Excision was not full thickness but with sectioning below the muscular layer in front of the perirectal fat, without suturing the rectal wall defect. The excised specimen was pinned onto cork, oriented and sent for histopathological examination.
Radical resections were performed as previously described using a laparoscopic or open approach, according to the surgeon's preference or patient history [14] . The division of the inferior mesenteric artery and vein was routinely performed, with preservation of the pre-aortic plexus and inferior mesenteric plexus, in accordance with French recommendations for the surgical excision of rectal cancers. The rectum was mobilized completely, down to the level of the levators, and TME was performed in all cases. The rectum was divided at least 1 cm below the lower edge of the tumour.
A J-pouch was made in most cases. Two 6-cm colonic limbs were folded with an incision made at the apex of the J. A side-to-side anastomosis was then performed on the anti-mesenteric side, 6 cm in length. Coloanal anastomosis (CAA) was performed by a double stapling technique or hand sewing to the dentate line in cases of very low anastomosis. A protective defunctioning stoma was created in all cases, except for colorectal anastomosis. The decision to perform an abdominoperineal excision was taken during the operation where there was evidence of sphincter invasion or a distant free margin of < 1 cm despite intersphincteric dissection.
Histopathological examination
After local excision, the posterior or deep surgical margin was inked before fixation in formalin. Depth of invasion, differentiation and the presence of lymphatic, venous or perineural invasion were recorded. Surgical excision margins were carefully examined and measured. Incomplete resection was defined as the presence of microscopic tumour invasion at the resection margins.
After radical excision, the completeness of TME was evaluated on the fresh specimen, taking into account the macroscopic assessment of the mesorectal surface for smoothness or defects or coning towards the distal margin of the specimen.
Resection was considered R1 if the circumferential margin was ≤ 1 mm and/or in cases of distal margin invasion [15] . All tumours were staged according to the TNM 8th version.
Outcomes measures
Short-term morbidity was defined as any in-hospital or 30-day postoperative complication, graded according to the Clavien-Dindo classification [16] .
Anastomotic leakage (AL) included both symptomatic and asymptomatic leaks. Symptomatic AL was defined by the presence of peritonitis, fever, gas, pus or faeces discharging from the abdominal drain. Asymptomatic AL was considered if an AL was seen on a water-soluble contrast radiological study performed prior to stoma reversal but with no relevant clinical symptoms.
Intra-abdominal abscess formation was defined as the symptomatic intra-abdominal collection of fluid, requiring percutaneous or surgical drainage. Prolonged ileus was defined as the absence of a return of bowel function, associated with repeated episodes of vomiting, abdominal distension and discomfort, requiring the reinsertion of a nasogastric tube. Pulmonary, cardiac, neurological, renal and urinary complications were grouped together as 'medical complications'. 'Surgical complications' included wound infection, intra-abdominal abscess, haemorrhage, prolonged ileus, obstruction and clinical AL. Mortality was defined as death occurring in hospital or within 30 days of discharge.
The protective defunctioning stoma was closed 6-8 weeks after surgery if a water-soluble enema showed no AL.
The primary end-point was overall morbidity. Secondary end-points included medical and surgical complications, anastomotic morbidity, reoperations after 30 days and length of hospital stay.
Statistical analysis
Quantitative data were reported as mean AE standard deviation (range). Normally distributed quantitative data were analysed with the Student t test. Qualitative data were reported as number of patients (percentage of patients) and were compared with either the Pearson v 2 test or the Fisher exact test, depending on the sample size. All tests were two-sided with a level of significance set at P < 0.05. All analyses were performed using the Statistical Package for the Social Sciences (SPSS) for MAC OSX software (version 22.0, Chicago, Illinois, USA).
This study was conducted according to the ethical standards of the Committee on Human Experimentation of our institution and reported according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.
Results

Patient characteristics
From January 2001 to May 2016, 41 patients underwent complementary TME following local excision and were subsequently found to have adverse pathological features. The main characteristics of the local excision group are presented in Table 1 .
Male gender was more common (n = 28, 68.3%) with a mean age of 65.3 AE 11 years. Classic TAE was performed in 65.8% of rectal tumours whilst TEM was performed in the remaining 34.2% of tumours. Of the 28 low rectal tumours, eight tumours were located below 1 cm from the dentate line in the TAE group and seven in the TME group. Following local excision, pathological examination revealed one pT1sm1 with vascular invasion, 13 pT1s-m2, 12 pT1sm3, three as pT1 with no information on submucosa invasion and 11 as pT2. Furthermore, one tumour revealed high-grade dysplasia with a MUTYH homozygote mutation and synchronous right-sided tumour. This patient was treated with a further ileal pouch anal anastomosis. Lymphovascular invasion was present in 22 specimens, five had perineural invasion and six had tumour budding phenomenon. Pathological analysis revealed 12 specimens with positive resection margins, six of the lateral margins, two in the deep margins and four R1 with no information.
The mean length of stay was 4 AE 2 days. There were four minor complications of Dindo Grade I or II (one haemorrhage, one urinary infection, one pulmonary oedema and one pelvic collection treated by antibiotics after a per-operative perforation of the pouch of Douglas). There was one major complication (intra-abdominal sepsis, requiring an emergency colostomy formation). The median time between local excision and TME was 25 days (2-161).
Case-matched study
The 41 TAE patients were matched to 41 patients who underwent primary radical resection (TME). The clinical features of the 82 patients are described in Table 2 .
There was no significant statistical difference between the two groups in terms of gender, age, BMI, ASA score, type of surgery and approach, medical history or tumour location.
Postoperative course
Surgical and pathological features of the two groups are presented in Table 3 .
Six patients underwent an additional procedure: one ileo-colic resection for a villous tumour, one left lobectomy for liver metastasis and one left oophorectomy in the local excision group, with one splenectomy for haemostasis, one hepatic biopsy with an umbilical hernia repair and one uterine fibroma resection performed in the TME group. Of the 37 patients in each group who had an anastomosis, a diverting stoma was performed in 35 patients in both groups (95%). The operative time was significantly longer in TME after local excision with a mean duration of surgery of 315 AE 87 min vs 275 AE 58 min (P = 0.03).
In the local excision group, three conversions to laparotomy occurred due to technical difficulties: one very low rectal tumour, one due to fragile tissue and one for major adhesions (peritonitis post local excision). In the TME group, there were two conversions to laparotomy due to difficulties of mobilizing the left colon (one of which had renal agenesis).
Defects in the mesorectum (two torn and five almost complete) were observed in seven specimens in the local excision group (29 were complete and five had no data recovered) vs two in the total mesorectum group (P = 0.15). There was one positive margin next to a lymph node in the local excision group and none in the TME group (P = 0.31). There was no difference in lymph node invasion (TAE group 34.1% vs TME group 31.7%); however, the cancers were less advanced in the local excision group compared with the TME group (56% T1 vs 5%, P < 0.001).
Short-term outcomes
No deaths occurred in either group. The postoperative outcomes at 30 days are detailed in Table 4 . The overall morbidity at 30 days was higher in the local excision group, although it was not statistically significant (49% local excision group vs 32% TME group, P = 0.12). The rate of major complications was similar (12.2% vs 7.5%, P = 0.56).
There were five major complications in the local excision group: two pelvic abscesses requiring radiological drainage, one ischaemia of the colon requiring surgery, one anastomotic dehiscence and one rupture of an analgesic catheter placed under the abdominal muscles requiring surgical removal. In the TME group there were two major complications; both were pelvic abscesses requiring radiological drainage.
There was no significant difference in surgical morbidity (31.7% vs 26.8%, P = 0.34) and the anastomotic complication rate (abscess, leakage or necrosis of the colon) was similar in both groups (14.6%).
After 30 days, there were four reoperations in the local excision group: one for a perineal hernia, one to remove the top of the J-pouch for an asymptomatic chronic fistula, one to redo the CAA for necrosis of the colon and one to convert a CAA into a colostomy for stenosis of the anastomosis. In the TME group there were also four reoperations: one dilatation of the anastomosis and three redo coloanal anastomosis for stenosis for chronic leakage previously treated by medical interventions (antibiotics).
There was no difference in the medical morbidity rate. There was a tendency towards more urinary complications in the local excision group [7 (17.1%) vs 2 (4.9%), P = 0.15]. These urinary complications occurred in six patients with CAA and one abdominoperineal excision vs two CAA. In the local excision group, four of the 37 patients who had an anastomosis had a definitive stoma: one for an anastomotic stenosis leading to the formation of a transverse colostomy, one for necrosis of the colon after a delayed Babcock anastomosis leading to a terminal colostomy, one who had a local recurrence necessitating an abdominoperineal excision and one for a patient who died due to hepatic metastasis prior to reversal. There were no definitive stomas in the TME group.
The comparison of the TNM classification after TAE and after TME is presented in Table 5 and shows 14 patients (34.1%) with residual tumour and eight (19.5%) who had no residual tumour but positive lymph nodes.
Discussion
This case-matched retrospective study suggests that a local excision does not increase the surgical morbidity of secondary radical rectal resection for cancer and would encourage the utilization of a local excision for early rectal cancer. While not significant, there was a trend toward increased morbidity in patients who underwent local excision prior to TME, especially the number of urinary complications. AUR, acute urinary retention; TAE, transanal excision; TME, total mesorectal excision; UI, urinary infection. Table 5 Post-TAE and post-TME staging.
Post-TAE staging Post-TME with no residual tumour (n = 27) Post-TME staging with residual tumour (n = 14)
1 pHGD 1pTx 1 pT1sm1 1pTxN1a 13 pT1sm2 7pTxN0, 3pTxN1a 1pT1N0, 1pT2N0, 1pT3N0 12 pT1sm3 5pTxN0, 1pTxN1a, 1pTxN1c 1pT1N0, 1pT1N1a, 1pT2N0, 1pT3N1a, 1pT3N2 3 pT1 sm unknown 1pT1N0, 1pT2N1a, 1pT3N2b 11 pT2 6pTxN0, 2pTxN1b 1pT2N0, 1pT2N1b, 1pT3N0 TAE, transanal excision; TME, total mesorectal excision.
Colorectal Disease ª 2018 The Association of Coloproctology of Great Britain and Ireland. 21, 15-22
Whilst the present study population was small (41 patients), there are currently no studies reporting on morbidity from such a cohort to date. In both groups, all patients had tumours of the middle or lower third of the rectum, none of which received neoadjuvant radiotherapy prior to resection. There were significantly more T1 tumours in the local excision group than in the TME group, which is easily explainable by the current guidelines. The indication for a complementary radical resection included a tumoural infiltration larger than T1sm2, an R1 excision, lymphatic or vascular emboli and tumour budding [10] . There were 29.2% incomplete resections, mainly with positive lateral margins. The five pT3 tumours were all R0.
The mean length of stay for patients after TAE was 4 days which can be explained by the long inclusion period which started in 2001 when we used to keep the patients longer than nowadays. In our current practice, patients are still hospitalized for 1 or 2 days for close follow-up. The median length of stay was 2.4 (interquartile range 3-4).
The morbidity rate was 48.8%, which is consistent with the data on TME with or without previous local excision. In particular, the anastomotic morbidity (between 15% and 17%) was similar to that reported in most recent studies [17, 18] . The median time between local excision and TME was 25 days, which again is similar to previous reports.
Only a few studies have focused on the morbidity associated with TME after local excision. Piessen et al. [13] evaluated the morbidity of radical resection after local excision in 14 patients for low rectal cancer. They showed an increased risk specifically of surgical site complications, which, according to the authors, were due to the defect in the rectal wall not being sutured closed post local excision.
The fact that the present study does not show any difference in morbidity, even though the same local excision techniques were performed, may indicate that another factor might be responsible. Neoadjuvant radiotherapy was given to half the cohort in the Piessen et al. study which could have influenced the morbidity seen in the study. This is confirmed by the finding of the GREC-CAR 2 trial where complementary TME following radiochemotherapy and TEM was associated with a significant major morbidity (46% vs 22%, P = 0.0031) [19] .
The present study shows a statistically longer operative time for TME following local excision, which can be explained by a more difficult dissection due to the local inflammation, the presence of scar tissue and adhesions in the pelvic cavity. Again, Piessen et al. [13] showed a similar trend; however, this was not statistically significant. It has been proposed that anatomical distortion impacts the extent of the resection leading to more extensive surgical procedures such as abdominoperineal excisions. However, the majority of patients were treated with sphincter sparing salvage surgery in the current study which goes against previous reports [11, 12] . The fact that we performed mainly full-thickness resection but with no mesorectal fat may account for this observation. Indeed, only the muscular layer is needed to have an adequate pathological specimen which yields a correct interpretation of the pT and sm stage.
Although the accepted time frame for radical resection, post local excision, is 30 days, further studies assessing the optimal time for radical resection post local excision, avoiding the observed technical difficulties, are needed [8] .
Finally, there was a difference which was not significant concerning the integrity of the mesorectal excision, which was incomplete in 20% of patients. This result confirms the observation in the recent systematic review by Eid et al. [20] . This can be explained by the technique of the local excision, which was performed without closure of the defect. However, it has been shown that closing the mesorectal and rectal defect does not impact on complication rates [21] . In addition, there was no large fat resection. Maybe the poorer quality of the excised mesorectal specimen is secondary to the more difficult surgery due to the local inflammation of the local excision. The impact of a poor mesorectal plane has been proved to alter the ontological prognosis after TME [22] . The real impact of a poor mesorectal plane after complementary TME for a specimen without any tumour left (due to the prior local excision) is still unknown but it may be of concern.
With its retrospective design, this study is associated with bias of inclusion. Moreover, the limited number of patients due to the rarity of this clinical situation should temper the statistical interpretation of comparisons.
The results from this study demonstrated a non-significant trend toward increased morbidity and poorer quality TME specimens in patients undergoing local excision prior to TME. Local excision is an important tool in the care of rectal cancer patients, however, and this information should be discussed with patients with T1 cancer. TME, however, is mandatory for some patients as, even without residual tumour, around 20% of patients have positive lymph nodes.
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